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Utility of duplex ultrasound in detecting and
grading de novo femoropopliteal lesions
Sikandar Z. Khan, MD, Muhammad A. Khan, MD, Benjamin Bradley, BS, Rajeev Dayal, MD,
James F. McKinsey, MD, and Nicholas J. Morrissey, MD, New York, NY
Background: Digital subtraction angiography (DSA) is the gold standard for diagnosing lower extremity (LE) arterial
lesions. However, duplex ultrasound (DUS) is a widely used, safe, and noninvasive method of detecting LE lesions. The
purpose of this study was to establish DUS criteria for detecting and grading de novo stenotic lesions in the
femoropopliteal arterial segment.
Methods: A prospective database was established including all patients who underwent LE endovascular interventions
between 2004 and 2009. Patients with de novo stenotic lesions in the femoropopliteal segment were selected. DUS and
DSA data pairs <30 days apart were analyzed. Peak systolic velocity (PSV; cm/s), velocity ratio (Vr), and DSA stenosis
were noted. Linear regression and receiver operator characteristic (ROC) curves were used.
Results: Two hundred seventy-five lesions in 200 patients were analyzed. Indications were claudication (50.5%), rest pain
(12.5%), and tissue loss (37.0%). Mean time interval between DUS and DSAwas 24 days. Both PSV (R .80,R2 .641;
P < .001) and Vr (R  .73, R2  .546; P < .001) showed strong correlation with the degree of angiographic stenosis.
ROC analysis showed that to detect >70% stenosis, a PSV of 200 cm/s had 89.2% sensitivity and 89.7% specificity, and
a Vr of 2.0 had 88.7% sensitivity and 90.2% specificity. Similarly, to differentiate between<50% and>50% stenosis, PSV
of 150 cm/s and Vr of 1.5 were highly specific and predictive. Combining PSV 200 cm/s and Vr 2.0 for >70% stenosis
gave 79.0% sensitivity, 99.0% specificity, 99.0% positive predictive value, and 85.0% negative predictive value.
Conclusion:DUS shows a strong agreement with angiography and has good accuracy in detecting femoropopliteal lesions.
We propose DUS criteria of PSV 200 cm/s and Vr 2.0 to differentiate between <70% and >70% de novo stenosis in the
femoropopliteal arterial segment. (J Vasc Surg 2011;54:1067-73.)
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fThe assessment of lower limb arteries is essential before
revascularization and helps in choosing the optimal type
and technique of procedure. Digital subtraction angiogra-
phy (DSA) has been the gold standard for diagnosis of
lower extremity (LE) arterial disease. It provides an overall
visualization of the arterial tree and allows simultaneous
execution of any therapeutic measure. However, it is inva-
sive, time-consuming, and associated with both local and
systemic complications.1,2 With increasing reliance on en-
dovascular therapy for LE arterial disease, angiography has
become part of the therapeutic process and is no longer
considered solely diagnostic. Replacing DSA with a nonin-
vasive diagnostic technique will reduce contrast-related
complications, patient discomfort, and may also save
costs.3-5
Duplex ultrasound (DUS) is a noninvasive technique
for evaluation of peripheral vascular disease and previous
studies have shown good agreement between DUS and
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doi:10.1016/j.jvs.2011.03.282SA.6-13 It is easy to perform, has no side effects, and is rela-
ively inexpensive.14 However, DUS is operator-dependent
nd there are concerns about reproducibility of results on
ifferent equipment. Identification of a lesion by DUS
epends on an increase in peak systolic velocity (PSV) at or
ust distal to the site of stenosis, and the increase in PSV is
irectly related to changes in arterial diameter and blood
ow. Despite the widespread adoption of this technology,
he ideal cutoff values of DUS-derived PSV and velocity
atio (Vr) for defining a significant stenosis are still debated.
revious studies have used various PSV and Vr values as the
utoff to define 50%6,7,11 and 70%8 stenosis with vary-
ng degrees of accuracy. These studies used uniplanar an-
iography as the gold standard, which can underestimate
he severity of lesions.6,7,11 The goal of this study was to
ssess the agreement betweenDUS andmultiplanar DSA in
etecting de novo femoropopliteal lesions. Furthermore,
e sought to suggest PSV and Vr criteria for identifying
nd grading femoropopliteal lesions with high accuracy.
ETHODS
Study design and patients. All patients undergoing
reatment for lower extremity femoropopliteal occlusive
isease between March 2004 and March 2009 were iden-
ified retrospectively from a prospectively maintained data-
ase of LE endovascular interventions. DUS and intra-
rterial DSA studies were obtained for all patients. Patients
ere eligible for inclusion if they had a previously untreated
e novo stenotic lesion in the femoropopliteal segment
ound during preoperative imaging. Patients with femoro-
opliteal chronic total occlusions (CTOs) or aortoiliac
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October 20111068 Khan et alocclusive lesions on the same side found during operative
angiography were excluded from the study. Patients who
had prior surgical intervention for occlusive disease in the
same limbwere also excluded. Data pairs betweenDUS and
angiographically measured stenosis obtained within 30
days of each other were analyzed.
Ultrasound measurements. All DUS were per-
formed by vascular technologists in an Intersocietal Com-
mission of Accreditation of Vascular Laboratories
(ICAVL)-accredited vascular laboratory using a LOGIQ 9
(General Electric Healthcare, Piscataway, NJ) system. A
7-mHz linear probe was used at a 60 degree insonation
angle. The common femoral arteries, the femoral bifurca-
tion, and the length of superficial femoral and popliteal
arteries were imaged. Findings of DUS were recorded for
the proximal (prox), middle (mid), and distal (dis) seg-
ments of the superficial femoral artery (SFA) and for the
above-knee (AK), retro-genicular (RG), and below-knee
(BK) segments of the popliteal artery. For analysis, the PSV
measured in both the disease-free segment above the ste-
nosis and within the stenosed segment were noted. Within
the stenotic lesion, the maximal PSV was recorded as the
area of greatest stenosis. The Vr was calculated from the
maximal PSV within the stenosed segment to the lowest
PSV within a proximal disease-free arterial segment.
Angiographic measurements. Angiography was per-
formed using standard technique through 4Fr or 5Fr cath-
eters placed in the femoral artery with a Siemens Artes
floor-mounted fixed unit (Siemens Medical, Fortheim,
Germany) or an OEC 9800 portable unit (GE Medical
Systems, Milwaukee, Wisc). Anteroposterior and multiple
oblique images were acquired to best determine the maxi-
mum degree of stenosis. All measurements were performed
electronically on a standard workstation (Leonardo, Sie-
mens Medical). If an entire region was stenosed, the diam-
eter of greatest stenosis was used for analysis. The percent-
age of the diameter of stenosis was calculated using the
diameter of maximal stenosis and the diameter of the
disease-free segment, proximal or distal to the stenosis.
The length and location of the lesion were also noted.
Angiograms were reviewed independently from the duplex
ultrasound findings by Sikandar Z. Khan and Muhammad
A. Khan.
Statistical analysis. Categorical data were presented
as N (%). Continuous variables were presented as mean 
SD and compared using analysis of variance (ANOVA).
Linear regression analysis was performed and results were
presented as scatterplots, with corresponding correlation
coefficient (R) and coefficient of determination (R2) to
show strength of association. Receiver operator character-
istic (ROC) curves were constructed using PSV and Vr to
establish the optimal cutoff values with the highest sensi-
tivity and specificity for detecting 50% and 70% angio-
graphic stenosis. Sensitivity, specificity, positive predicted
value (PPV), and negative predicted values (NPV) were
reported for each corresponding criterion. Combinations
were also examined to determine if this improved diagnos- sic abilities. Statistical analysis was performed with SPSS for
indows 16.0 (SPSS, Chicago, Ill).
ESULTS
From March 2004 to March 2009, a total of 1105
reviously untreated femoropopliteal segments in 747 pa-
ients were identified from our database. There were 530
TOs and 83 lesions with ipsilateral iliac disease, which
ere excluded from the analysis. Furthermore, 217 lesions
ad DUS and DSA pairs more than 30 days apart and were
ot included in the study. Two hundred seventy-five un-
reated femoropopliteal segments in 200 patients were
elected and included in the study.Mean age of participants
as 75.8  11.2 years and 111 (55.5%) were men. Hyper-
ension was the most prevalent comorbid condition in the
tudy population (88.5%), followed by diabetes (59.5%),
ypercholesterolemia (59%), and ischemic heart disease
54%). Indications for clinical evaluation in these patients
ere claudication (50.5%), rest pain (12.5%), and tissue loss
37.0%; Table I). Table II shows the details of the lesion
haracteristics in various femoropopliteal segments. One
undred ninety-seven lesions had50% stenosis on digital
ubtraction angiography. Of these 197 lesions, 19 had 50%
o 69% and 178 had 70% stenosis. Mean time interval
etween DUS and DSA was 24 days (1-30 days).
Distribution of velocity measurements. A linear re-
ression model of PSV vs degree of angiographic stenosis
howed a strong correlation (R  .80; R2  .641; P 
001; Fig 1; Table III). Similarly, a linear regression model
f Vr vs angiographic stenosis showed a strong correlation
R  .739; R2  .546; P   .001; Fig 2; Table III).
Cutoff criteria to detect >50% and >70% stenosis.
ultiple potential cutoff values of PSV and Vr were ana-
yzed for sensitivity, specificity, PPV, and NPV to deter-
ine the optimal criteria for 50% stenosis and 70%
able I. Patient demographics and comorbidities
haracteristic N (%)
emographics
Lesions (N) 275
Patients (N) 200
Male N (%) 111 (55.5)
Average age (years) 75.8  11.2
omorbidities
Hypertension 177 (88.5)
Diabetes 119 (59.5)
Hypercholesterolemia 118 (59.0)
Ischemic heart disease 108 (54.0)
Smoking 108 (54.0)
Chronic kidney disease 49 (24.5)
Previous MI 51 (25.5)
Congestive heart failure 42 (21.0)
ndications
Claudication 101 (50.5)
Rest pain 25 (12.5)
Tissue loss 74 (37.0)
I, Myocardial infarction.tenosis. To distinguish 50% from 50% stenosis in the
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Volume 54, Number 4 Khan et al 1069femoropopliteal segment, the cutoff point on the PSV
ROC curve was 150 cm/s (Fig 3). This value corresponded
with a sensitivity of 94.4%, specificity of 99%, a PPV of 99%,
and an NPV of 91% (Table IV). To distinguish a 50%
stenosis from a 50% stenosis, the cutoff point on Vr ROC
cure was 1.5 (Fig 4). This value corresponds to a sensitivity of
90.8%, 97% specificity, 98% PPV, and 84% NPV (Table IV).
To differentiate 70% stenosis from 70% stenosis,
the cutoff point on PSV ROC curve was 200 cm/s (Fig 5).
This value corresponded with a sensitivity of 89.2%, speci-
ficity of 89.7%, 92% PPV, and 86% NPV (Table V). Simi-
larly, to distinguish70% stenosis from70% stenosis, the
Table II. Distribution of disease in different femoropoplit
Location Mean lesion length (mm) 0% to 4
Femoropopliteal 203.2  99.5
Femoral only
Prox-SFA 122.4  102.1 2
Mid-SFA 120.6  91.0 1
Dis-SFA 108.1  89.1 1
Popliteal only
AK-pop 39.4  34.7 1
RG-pop 73.6  52.6
BK-pop 63.4  56.1
Total 7
AK, Above the knee; BK, below the knee; Dis, distal; Mid, middle; pop, pop
Fig 1. Scatterplot of peak systolic velocity (PSV) correlated to
angiographic stenosis.
Table III. Linear regression model of PSV and Vr vs
angiographic stenosis
Correlation
coefficient R
Coefficient of
determination R2 P value
PSV .80 .641 .001
Vr .739 .546 .001
PSV, Peak systolic velocity; Vr, velocity ratio.optimal Vr value was 2.0 (Fig 6), which corresponds to s8.7% sensitivity, 90.2% specificity, 93% PPV, and 85%
PV (Table V).
Combining PSV 200 and Vr 2.0, to determine a70%
tenosis, was associated with a sensitivity of 79%, a specific-
ty of 99%, a PPV of 99%, and an NPV of 85%.
Mean peak systolic velocity, velocity ratio, and ankle-
rachial index. Table VI details the mean PSV, Vr, and
BI in different stenotic categories as determined by an-
iography.
ISCUSSION
Angiography has been the mainstay in the diagnosis of
eripheral arterial disease (PAD). However, with the emer-
ence of endovascular therapy, it has assumed an important
herapeutic role and is no longer considered solely diagnos-
ic. Angiography provides a road map of the arterial tree
nd allows simultaneous treatment of the disease. In con-
rast, DUS is a noninvasive technique that can be used for
egments
o. 50% to 69% No. 70% to 99% No. Total
3 53 56
4 27 51
5 35 59
3 36 54
1 14 25
2 6 15
1 7 15
19 178 275
Prox, proximal; RG, retro-genicular; SFA, superficial femoral artery.
ig 2. Scatterplot of velocity ratio (Vr) correlated to angio-
raphic stenosis.eal s
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October 20111070 Khan et althereby reducing angiography-related complications, espe-
cially in patients with diabetes, renal failure, or contrast
allergy.15,16
In recent years, several studies have reported on the
accuracy of DUS to diagnose lesions in the femoropopliteal
segment with sensitivities ranging from 60% to 90% and
specificities from 43% to 100%.6-13 Our study found a
strong correlation among duplex-derived PSV and Vr and
angiographic findings. Using the ROC curve analysis, we
calculated sensitivities and specificities for different values
of PSV and Vr and chose the cutoff values with the highest
accuracy. Our data showed that to determine50% steno-
sis, a cutoff value of PSV 150 cm/s was 94.4% sensitive and
Fig 3. Receiver operating characteristic (ROC) curve differenti-
ating 50% stenosis and 50% stenosis by peak systolic velocity
(PSV). AUC, Area under the curve.
Table IV. ROC curve cutoff for 50% stenosis
Sensitivity
(%)
Specificity
(%)
PPV
(%)
NPV
(%)
PSV (cm/s)
140 94.9 98.0 99.0 91.0
145 94.4 98.0 99.0 91.0
150 94.4 99.0 99.0 91.0
155 93.8 100.0 100.0 91.0
165 93.0 100.0 100.0 90.0
Vr
1.25 93.4 84.8 92.0 88.0
1.30 92.4 89.4 95.0 86.0
1.40 91.6 94.0 97.0 85.0
1.50 90.8 97.0 98.0 84.0
1.55 90.1 97.0 98.0 83.0
NPV, Negative predictive value; PPV, positive predictive value; PSV, peak
systolic velocity; ROC, receiver operating characteristic; Vr, velocity ratio.99.0% specific and Vr cutoff of 1.5 was 90.8% sensitive and 7.0% specific. Previous studies have used various values of
SV and Vr to diagnose stenosis of the femoropopliteal
rterial segment. Kohler et al6 used an increase in PSV of
100% to detect stenosis of 50% with a sensitivity and
pecificity of 82% and 92%, respectively. In another study,
anke et al11 used a PSV value of 180 cm/s and a Vr of
ig 4. Receiver operating characteristic (ROC) curve differenti-
ting 50% stenosis and 50% stenosis by velocity ratio (Vr).
UC, Area under the curve.
ig 5. Receiver operating characteristic (ROC) curve differenti-
ting 70% stenosis and 70% stenosis by peak systolic velocity
PSV). AUC, Area under the curve.2.4 to define 50% stenosis with sensitivities of 66% to
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Volume 54, Number 4 Khan et al 107187% and specificities of 80% to 94% in different LE arterial
segments. A 70% reduction in luminal diameter is clini-
cally more relevant, indicating severe disease, and is usually
associated with symptoms and an abnormal ABI. There-
fore, cutoff values differentiating between70% and70%
can aid surgeons in making treatment decisions. A PSV of
200 cm/s was 89.2% sensitive and 89.7% specific in detect-
ing a70% stenosis in the femoropopliteal segment in our
study. Favaretto et al8 used a cutoff value of PSV 250
cm/s, with sensitivities ranging from 74% in the femoral to
50% in the popliteal and specificities ranging from 83% in
the femoral to 43% in the popliteal arteries. In choosing
PSV and Vr values to define the criteria, we sought to
choose values with high sensitivity and specificity, capable
Table V. ROC curve cutoff for 70% stenosis
Sensitivity
(%)
Specificity
(%)
PPV
(%)
NPV
(%)
PSV (cm/s)
180 94.3 88.9 92.0 92.0
190 92.4 89.7 92.0 90.0
200 89.2 89.7 92.0 86.0
210 88.0 90.6 93.0 85.0
Vr
1.60 93.9 86.6 91.0 91.0
1.65 93.0 87.8 91.0 90.0
1.75 92.2 89.0 92.0 89.0
1.80 91.3 89.0 92.0 88.0
2.0 88.7 90.2 93.0 85.0
NPV, Negative predictive value; PPV, positive predictive value; PSV, peak
systolic velocity; ROC, receiver operating characteristic; Vr, velocity ratio.
Fig 6. Receiver operating characteristic (ROC) curve differenti-
ating 70% stenosis and 70% stenosis by velocity ratio (Vr).
AUC, Area under the curve.of predicting a hemodynamically significant stenosis accu- tately, and at the same time minimizing the false-negative
esults. By combining PSV and Vr data for 70% stenosis,
e have proposed criteria that are very specific and predic-
ive, with 99% specificity and 99% PPV.
In their studies, Kohler et al6 and Legemate et al7
eported that the results of duplex scanning of the femoro-
opliteal arteries were less than satisfactory. Our study
howed a strong correlation between DUS-derived PSV
nd Vr and angiographic stenosis in the femoral and pop-
iteal regions. Moreover, the cutoff values proposed in this
tudy are lower than previously reported.6-8,11 These stud-
es used uniplanar angiography as the gold standard. Be-
ause atherosclerotic lesions are often eccentric, uniplanar
ngiographic views might underestimate the severity of the
esion as compared to multiplanar angiography.6,7 We ob-
ained anteroposterior and multiple oblique views at the
ime of angiography to best determine the maximum de-
ree of stenosis, which was then correlated with DUS
alues.
Compared with the conventional criteria for infraingui-
al bypass surveillance, our cutoff values for70% stenosis
re lower than the PSV 300 and Vr 3.5, which have
een traditionally used to define patients with critical graft
tenosis.17-20 However, interestingly, Mills et al19 and
esterband et al20 reported that flow disturbances with
SV150 cm/s and Vr1.5 are markers of graft stenosis,
nd nearly half of the patients with these disturbances
ltimately require revision or progress to occlusion. Simi-
arly, other studies comparing results of DSA and DUS in
ypass have used thresholds of PSV 110 cm/s21 and
r 1.522 to define 50% stenosis.
There have been concerns regarding the accuracy of
US in the diagnosis of multisegment disease. In our
tudy, we did not assess the effect of multisegment disease.
revious studies by Bergamini et al23 and Polak et al24 show
reduction in DUS accuracy in case of multisegment
isease as compared to single arterial lesions. However,
hese studies reported results in small selected groups of
atients. Other studies have reported that multisegment
isease has no effect on DUS accuracy in the diagnosis of
E arterial disease.25,26 In one study, Sacks et al27 reported
hat accuracy of DUS in detecting stenosis was reduced in
he presence of adjacent disease if absolute PSV values are
sed. However, if Vr was used to classify the degree of
tenosis, then adjacent disease did not affect the accuracy of
US.27,28 Vr is directly related to change in cross-sectional
reas, provided that the blood flow remains constant be-
ween the two sites of PSV measurements.27 In long con-
inuous lesions, where an adjacent disease-free segment is
ot available for comparison, Vr can be calculated by using
SV measurements in the next most proximal area of a
ormal vessel. Thus, we suggest that the PSV and Vr values
hould be used in combination to determine the degree of
tenosis and to decide which patient will benefit from
ngiography and possible intervention.
There are certain other limitations of this study that
equire attention. First, this is a retrospective study and
hese criteria need to be validated prospectively. Second,
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October 20111072 Khan et althere was a selection of patients with higher degrees of
stenosis, as all patients were scheduled for interventional
procedures. Although all DUS imaging was performed by
vascular technologists in laboratories approved by ICAVL,
there are both patient- and operator-dependent variations
that need to be accounted for. Despite these limitations,
our proposed criteria are highly sensitive and specific in
detecting de novo femoropopliteal lesions.
CONCLUSION
DUS shows a strong agreement with angiography in
detecting lesions in the femoropopliteal region. To differ-
entiate between 70% and 70% stenosis, combination
criteria of PSV 200 cm/s and Vr 2.0 is highly specific and
predictive.
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